The present work was aimed to obtain a model for the determination of the leaf area in function of the length and width of the leaves in pepper (Capsicum annuum L.) hybrid Salvador. The research was carried out in nursery conditions at the Experimental Campus La Teodomira, located in the parish of Lodana, Santa Ana, province of Manabí, Ecuador, in 2016, in the stages of initiation of flowering and flowering-fructification. In each phase 100 physiologically mature leaves of different sizes were collected. Leaves were digitalized in a rectangle with known dimensions, which allowed the area to be calculated through the percentage of pixels of different colors. From the determination of the length and maximum width of each leaf and the estimated area through the digitization process, the regression models were obtained, selecting the better fit generated between the leaf area and the product of the length by the maximum width of the leaf (  ( ) = leaf area length * width f ). In the initiation of flowering stage the quadratic model generated the best coefficient of determination (R 2 = 0.958), whereas in the flowering-fructification stage the best coefficient of determination was achieved by the cubic model (R 2 = 0.955).
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The practical applicability of other simpler models among the tested ones, which show a high accuracy and sacrifice a low percentage of error, is discussed.
Introduction
The determination of the foliar area is an important indicator for physiological, ecophysiological and agricultural investigations in the diversity of species of cultivated plants, given that growth, biomass synthesis by photosynthesis (absorption of CO 2 and light), transpiration, consumption of water, mineral nutrition, respiration, production and quality of yield are directly related to the leaf area [1] [2]- [7] .
Non-destructive methods for the estimation of leaf area, although dating from the last century, are still valid today, which has been demonstrated in Prunus persica L. Batsch and Prunus salicina Lindl. [2] , Zea mays L. [8] , Coffea arabica L. [7] , Zingiber officinale L. [9] , Alnus acuminata L., Escallonia pendula (Ruiz & Pav.) Pers. and Quercus humboldtii Bonpl. [1] . These studies have shown that leaf length and width are effective variables for the estimation of the leaf area coefficient in different crops, despite the morphological differences of their leaf blades.
The main advantages of the use of allometric models for the estimation of the foliar area [6] [7] [8] are summarized in the following sections:
• These non-destructive models allow the measurement in vivo of plant leaves, being able to follow their evolution in the same leaf, which diminishes the variation substantially.
• The cost associated to equipment and human resources for measuring the leaf area is substantially reduced.
• If a reliable equation is selected, calculations can be made quickly and with great precision.
• They are easy, simple, accurate, low-cost useful tools for physiological studies related to the growth and development of plants.
As a main disadvantage [6] it has been pointed out that an untrustworthy equation can create biases in the analyses derived from the models; so it is necessary to take into account the moments or stages for the measurement, which must correspond with the objectives of the studies that are intended to be carried out. It must be added that the sample must cover the entire range of values that will be used in the future; otherwise, the behavior of models outside the range for which they were built would be unknown.
Several researchers have used regression techniques for the estimation of leaf area as non-destructive methods in diverse crops such as peach, plum, coffee, potato and others [2] For the estimation of foliar area of vine Cabernet Sauvignon in three stages of development and subjected to different irrigation schemes, several models were assayed [10] . Different shape parameters were considered for the estimation (leaf area, perimeter, maximum length, maximum width and radial average) using image processing. Eleven prediction models were tested, concluding that the most accurate was the one that related the leaf area with the product of the length by the width without intercept ((Leaf area = β(Length * Width)). Leaf area in jojoba seedlings (Simmondsia chinensis (Link.) CE Schneider) was estimated from linear regression equations which related the product of the length by the width of the leaf, comparing the proportion of leaves with acute and obtuse apex [5] . From these equations the coefficient K for the estimation of the leaf area was determined (K = ((Estimated area)/(Length * Width))) and the means of each one of the groups were compared, not finding significant differences between them.
The evaluation of allometric models for the estimation of the foliar area in vines (Vitis vinifera L. genotypes), looking for simpler models showed that simple regression models based on the length of the leaf achieve good results but sacrifice accuracy; thus, the estimation of the area depending on the product of the length by the width of the leaf is suggested [11] .
Digital image processing and regression adjustment have been used for constructing models to determine the foliar area of the Persian walnut (Juglans regia L.), also recommending the use of linear models that relate the leaf area with the product of the length by the width of the leaf [12] .
Similar results were obtained in plants of Vernonia ferruginea [13] where after testing different models it was confirmed that the product of the length by the width of the leaf fits the regression models for the estimation of foliar area.
More recent works [14] [15] [16] [17] also suggest the use of these models for estimating the foliar area in different plant species. The comparison of different regression models with easy-to-measure parameters such as the length of the leaf and its maximum width, as well as the relationship between both parameters, especially between the product of the length by the width, coincide in all cases.
In pepper (Capsicum annuum L.), the estimation of the leaf area by mathematical methods has been reported by several authors, and has been recently reviewed [7] . However, the realization of studies of this type is still valid for the particular conditions of agroecosystems. The objective of this work was to estimate the leaf area in pepper under nursery conditions, in the environmental conditions of the coast of Ecuador.
Materials and Methods
The evaluations were carried out on plants of pepper (Capsicum annuum L. American Journal of Plant Sciences In the second step, for each sampled leaf the length and maximum width (in centimeters) were determined with a millimeter ruler.
The third step was to develop a procedure for the calculation of the foliar area in the collected leaves, which was based on a digitalization of the image of each leaf within a figure of easy calculation of the area (rectangle) as represented in For the calculation, a software was developed to carry on the binarization process of the image, which consists of analyzing each pixel and defining it in two colors, white or black. We used the Java programming language that is part of a large set of free tools [18] . The first steps before the application of the binarization filters that serve to facilitate the subsequent operations are: acquisition, exportation, development, conversion, transformation, scaling and binarization [19] .
A code was used, with libraries that allow the handling of images, improving and adapting them to the needs. The system establishes which pixel has a value of 255, determining it with a white color and which pixel has a value of zero, determining it with a black color. For the case of images having different colors, a threshold value (200) was used, which was compared with an average obtained from the value of the pixel of each of the three basic colors (RGB). If this value was lower than the threshold value, it was assumed that the color is black, The total number of white pixels was counted and divided for the total of pixels to obtain the percentage of free area. The total number of black pixels was divided for the total of pixels, obtaining the percentage of the area of each leaf.
In this example (Figure 2 ) a binarized image is shown, which has a width of 8 pixels and a length of 8 pixels, for a total area of 64 pixels. The black pixels corresponding to the leaf area (24) are counted, giving that the leaf area is 37.5% of the rectangle area. Table 1 shows a descriptive characterization of the samples taken in each of the sampling stages. As can be observed, there is less variability in the behavior of the leaf area and the width of the leaves in the flowering-fructification stage, but not in the length of the leaves, where the coefficient of variation was lower in the stage of initiation of flowering.
Results
In Table 2 Table 3 .
Using the criterion of the highest R 2 in addition to the analysis of the residues ( Figure 6 and Figure 7) , the model No. 6 (Quadratic model of the leaf area In both cases, the sacrifice is not highly significant, so the inclusion of both models in the estimation process can be assessed in order to gain practicality in its application.
The main advantage of the proposed method is that the measurements of the variables can be done in vivo, with a simple instrument (millimeter rule) and without the need of destructive sampling, which has been useful for other species. Besides, costs are reduced and the possibility of studying the evolution of the parameters is clearly available [1] [3]- [8] .
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